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Abstract 
Polycrystalline BaSrSi2 layers were grown on SiO2 substrates by molecular beam epitaxy, and the local structure of 
the Sr in the BaSrSi2 films was investigated using extended X-ray absorption fine structure (EXAFS) analysis. The 
local structure of the atoms around the Sr is in good agreement with that around Ba, indicating that the Sr atoms 
substitute for Ba in BaSi2.
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1. Introduction 
Semiconducting silicides have been of great interest in Si-based new electronic and photonic devices. 
Among them, semiconducting BaSi2 is considered promising as a Si-based new material for thin-film 
solar cell applications. Both experimental and theoretical studies have revealed that BaSi2 has a very large 
absorption coefficient of approximately 105 cm-1 at 1.5 eV [1-3]. In addition, by replacing half of the Ba 
atoms with isoelectric Sr atoms, the band gap of BaSi2 was found to reach the ideal value of 
approximately 1.4 eV [4], matching the solar spectrum. Recent reports on the photoresponse properties of 
BaSi2 epitaxial layers on Si(111) and polycrystalline BaSi2 layers on SiO2 have shown that BaSi2 is very 
promising [5,6]. Imai and Watanabe explained theoretically this band gap broadening in BaSi2 by  the  
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first-principle electronic structure calculations [7]. There are two crystallographically nonequivalent sites 
of Ba (BaI, BaII) and three nonequivalent sites of Si (SiI, SiII and SiIII). They concluded from the energetic 
consideration that the BaI sites are preferentially replaced by Sr rather than the BaII sites,  and  that  the  
replacement of the BaI site by Sr broadens the band gap of BaSi2. We have grown polycrystalline BaSrSi2
films on fused silica (SiO2) substrates by molecular beam epitaxy (MBE) under various Sr/Ba ratios [4]. 
Rutherford backscattering (RBS) measurements of these films revealed that the Ba plus Sr ratio to Si is 
always 0.5, indicating indirectly that the Sr atoms replace the Ba sites. However, the sites of the Sr atoms 
in the crystal lattice have not been identified experimentally for BaSrSi2 films. Extended X-ray absorption 
fine structure (EXAFS) is a good method for the study of the local structure around a specific component, 
such as Sr in this study. In this paper, we have presented a direct observation of the local structure around 
Sr of BaSrSi2 films, using Sr K-edge EXFAS.  
2. Experiment 
SiO2 substrates were used rather than Si substrates in this study to eliminate intense X-ray diffraction 
peaks due to Si from measured EXAFS spectra. Polycrystalline BaSrSi2 film was grown on the substrate 
covered with 0.1-Pm-thick polycrystalline Si layers. The polycrystalline Si layers prevent diffusion of O 
atoms from the substrate into the grown layers [4]. First, Ba was evaporated to form BaSi2 thin films on 
the substrate capped with polycrystalline Si layers at 600 ºC by reactive deposition epitaxy (RDE), and 
this RDE-grown BaSi2 film was used as a template. Next, Ba, Sr, and Si were co-evaporated on the BaSi2
template at 650 ºC to form approximately 200-nm-thick BaSrSi2. BaSi2 layers were also prepared on the 
SiO2 substrate for comparison. Detailed growth procedure was reported in our papers [8,9]. The 
crystalline quality of the grown films was characterized by X-ray diffraction (XRD). The Sr content of the 
film  was  measured  by  RBS  using  4H+ ions accelerated at 2.3 MeV. The EXAFS measurements were 
performed at PF-AR NW10A of KEK, and the K-edge emission of the Sr (27492 eV) was detected using 
a fluorescence-yield mode at room temperature.   
3. Results and discussions 
The T-2T XRD patterns of BaSi2, BaSrSi2 polycrystalline films and the fused silica substrate are shown 
in Fig. 1. The broad diffraction peaks seen at around 21º originate from the silica substrate. All of the 
diffraction peaks observed in the sample lacking additional Sr correspond to BaSi2, and these peaks shift 
clearly to a high-angle region in BaSrSi2 compared to those in BaSi2.
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Fig.1T2T XRD patterns of BaSi2, BaSrSi2, and the SiO2 substrate.  
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RBS  depth  profiles  of  Si,  Ba,  Sr  and  O  atoms  for  BaSrSi2 are  shown  in  Fig.  2.  Ba  and  Sr  are  almost  
uniformly distributed in the grown film. It was found that the Ba content was approximately 0.23, and 
that the Ba plus Sr ratio to Si was approximately 0.5. These results indicate that some of the Ba atoms in 
the BaSi2 lattice structure were replaced by Sr, and that polycrystalline Ba1-xSrxSi2 (x=0.29) was formed.  
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Fig.2 RBS depth profiles of Ba, Sr, Si and O atoms in BaSrSi2 films. 
Figure 3 shows the Sr K-edge EXFAS spectrum F. We can see the EXAFS oscillation well above an 
X-ray edge, which is due to a multiple scattering of an outgoing wave off neighboring atoms [10]. To 
examine  whether  the  sites  of  Sr  atoms  in  the  BaSrSi2 lattice is substitutional or interstitial, first, the 
smooth background of atomic absorption was subtracted from the fluorescence yield spectrum. Then, we 
compared the radial distribution functions of Sr obtained from Fourier-transformed (FT) EXAFS F-
function weighted with the wave number k3 to  those  of  Ba  and  Si  in  BaSi2 obtained by theoretical 
calculations [11]. The theoretical radial distribution functions of Si and Ba are shown in Figs. 4(a) and 
4(b), respectively. Theoretical calculations predict a large peak at around 0.19 nm for three nonequivalent 
Si atoms, and that at around 0.28 nm for two nonequivalent Ba atoms. These peaks correspond to Si-Si 
and Ba-Si bonds, respectively. The experimental radial distribution function of Sr is shown by the solid 
line in Fig. 4(c). This is quite similar in its position and shape to that of Ba shown in Fig. 4(b), showing 
that the Sr atoms substitute for Ba in the BaSi2 lattice. Imai and Watanabe predicted that the replacement 
of Ba atoms in site I by Sr atoms is energetically favourable [7]. The peak position in Fig. 4(c) is at 
around 0.25 nm, which is a little smaller than that in Fig. 4(b). The atomic radius of Sr is smaller than that 
of Ba. Therefore, this result indicates the fact that the Sr-Si interatomic distance is shorter than the Ba-Si 
interatomic distance. The dotted line in Fig. 4(c) shows the best fitting for the experimental data using the 
model structure. The experimental curve was reproduced well.  
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Fig.3 Sr K-edge EXFAS spectrum measured at room temperature. 
The average of Sr-Si interatomic distances is found to be 0.331 nm. This value is slightly shorter than 
0.347 nm, the theoretical average of Ba-Si interatomic distance. It is also found that it is difficult to 
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identify which Ba site was replaced by Sr, because the radial distribution functions of the BaI and BaII are 
very similar as shown in Fig. 4(b), and also because the signal-to-noise ratio of the Sr K-edge EXAFS 
was not good enough. 
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Fig.4. Theoretical radial distribution functions of (a) three nonequivalent Si sites and (b) two nonequivalent Ba sites, and (c) 
Fourier-transformed Sr K-edge EXAFS spectra (solid line) compared with the fitting (dotted line).  
4. Conclusions 
We have investigated the local structures of the Sr in MBE-grown Ba1-xSrSi2 (x=0.29) films using Sr 
K-edge EXAFS. We found that the Sr atoms are substituted into the Ba sites of the BaSi2, and that the Sr-
Si distance is slightly shortened from the Ba-Si distance of the BaSi2 lattice.  
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